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[57] ABSTRACT 

A prismatic metal-air battery is provided for having at least 
one prismatic metal-air cell received in a cell cavity of a 
prismatic casing. The casing comprises a wall portion which 
de?nes a surface. The wall portion has at least one opening 
in communication with the cell cavity which is adapted to 
allow the passage of air into the cell cavity. The casing also 
includes a valve member having a surface bearing on the 
wall portion surface. The valve member also has at least one 
opening therein. The wall portion surface and the valve 
member surface are adapted to allow movement of the valve 
member across the wall portion surface between a closed 
position, in which the valve member opening does not 
overlap with the wall portion opening, and an open position, 
in which the valve member opening and wall portion open 
ing at least partially overlap. Importantly, the casing also 
includes means for providing an attractive force between the 
wall portion and the valve member. 

25 Claims, 2 Drawing Sheets 
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1 

METAL-AIR BATTERIES HAVING 
IMPROVED AIR ACCESS VALVES 

FIELD OF THE INVENTION 

The present invention relates to metal-air cells and, more 
particularly, to metal-air cells having improved air access 
valves having more reliable and effective seals. 

BACKGROUND OF THE INVENTION 

Metal-air cells typically include a metal anode, an air 
cathode, and a separator all disposed and supported in some 
sort of container. The metal anode usually comprises a 
?ne-grained metal powder, such as zinc, aluminum, or 
magnesium, which is blended together with an aqueous 
electrolyte, such as potassium hydroxide, and a gelling agent 
into a paste. The separator is a porous material that allows 
the passage of electrolyte between the cathode and anode, 
but prevents direct electrical contact therebetween and short 
circuiting of the cell. 
The air cathode is a catalytic structure designed to facili 

tate the reduction of oxygen. Typically, it is composed of 
active carbon, a binder, and a catalyst which, together with 
a metal current collector, are formed into a thin sheet. The 
air cathode also commonly incorporates a hydrophobic 
polymer, such as polytetra?uoroethylene or polystyrene, 
directly into the cathode sheet and sometimes also as a 
coextensive ?lm. The hydrophobic polymer prevents elec 
trolyte from ?ooding the cathode or passing through it and 
leaking from the cell. The container includes oxygen access 
openings, diifusion chambers and the like which are 
designed to allow suflicient oxygen to reach all parts of the 
air cathode. 

Metal~air cells have high speci?c energies. In fact, zinc 
air cells have the highest speci?c energy, up to 450 Wh/kg, 
of all aqueous primary systems, and high energy per unit 
volume as well. The components of zinc-air cells also are 
relatively benign. 

Because of their high energy density, button cells incor 
porating zinc~air chemistry currently are the most popular 
energy source for hearing aids. The much larger majority of 
electronic devices, however, has higher energy requirements 
requiring the use of larger (i.e., greater than one ampere hour 
capacity) cells or batteries. Despite the electrochemical 
advantages of metal-air and especially zinc-air systems, 
heavy duty and alkaline manganese systems continue to 
dominate the much larger world market for larger primary 
batteries. 
Many portable electronic devices, such as portable com 

puters, also place severe constraints on battery weight and 
volume. In such applications, prismatic cells would be 
preferable over button or cylindrical cells, which latter type 
of cells, in general, require more space to be allocated in the 
device than the cells themselves actually occupy. Prismatic 
Zinoair cells also can be much thinner than alkaline cells of 
equivalent capacity. 
The cells disclosed in US. Pat. No. 5,328,778 to G. 

WoodrutI et al. successfully scaled up and recon?gured 
metal~air cells from the traditional, relatively small button 
style design, making them much more suitable for use in the 
full spectrum of battery powered electronic devices. There 
remain, however, various unmet performance demands 
which result when metal-air cells are used outside of their 
traditional hearing-aid applications. 
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2 
That is, while oxygen must be able to diffuse into the 

cathode to discharge a metal-air cell, air circulation into the 
cell when it is not being used to power a device is generally 
deleterious. Any oxygen which reaches the anode will 
directly oxidize the zinc or other metal therein and diminish 
the electrochemical capacity of the cell which is available to 
power an electronic device. Moreover, gelled anodes are 
aqueous based, and moisture loss from the anode can 
facilitate direct oxidation of metal in the anode and by 
various other mechanisms reduce the discharge rates and 
capacity of the cell. 

For this reason, new metal-air cells generally are pack 
aged in high moisture barrier ?lm, and the cells are not taken 
out of their package until they are to be used. Metal—air 
button cells for hearing aids also generally have very small 
air holes in their containers, to minimize moisture loss 
during their service life. Further, hearing aids typically are 
used for long periods with relatively short intervals of 
non-use. That is, hearing aids usually are worn all day and 
are turned off only at night when the user goes to bed. There 
simply is much less time in the service life of hearing aid 
cells during which the deleterious effects of unwanted air 
circulation can take their toll. Most other electronic devices 
are used intermittently, and there may be long intervals, 
between uses of the device, when the eifects of oxygen 
access and moisture loss can build. 

Accordingly, various battery and cell casings, housings, 
and the like have been proposed which incorporate a valve 
or equivalent means to shutoff air circulation to a metal-air 
cell when it is not in service. More recently, US. Pat. No. 
4,620,111, to W. McArthur et al. has disclosed a battery pack 
which uses button cells. A number of button cells are 
disposed in a housing. The housing has openings therein to 
allow air circulation into the housing and ultimately to the 
cells. The housing also includes a slide valve which controls 
the ?ow of air through the air circulation openings. The 
design of this housing, however, has signi?cant shortcom» 
ings, and it is especially ill suited for use with prismatic 
cells. 

While the slide valve is said to selectively “seal” the air 
circulation openings, inherently the seal is far from perfect. 
The part tolerances needed to allow easy movement of the 
slide valve between its open and shut positions also allow 
the valve, depending on the orientation of the housing, to 
shift away from the surface in which the openings are 
located. Under such conditions, air can ?ow under and 
around the slide valve. Moreover, even when the slide valve 
is resting over the openings, the seal is not perfect. The valve 
and housing are injection molded plastic parts and such parts 
inevitably have some warpage and other imperfections 
which create paths for air flow between the slide and the 
apertured surface in which the openings are located. 

Such imperfect seals are undesirable when larger, pris 
matic cells are to be used, even if such valves are tolerable 
in the context of button cells. Button cells have very 
restricted gas access, and they are less sensitive to moisture 
loss. Prismatic cells, designed for higher power levels, have 
much less gas restriction, making them more sensitive to 
moisture loss. 

Other “valved” metal-air batteries have been proposed 
which may offer more reliable sealing of a cell’s oxygen 
access opening, such as disclosed in US. Pat. No. 4,177,327 
to J. Mathews et al. and US. Pat. No. 4, 493,880 to J. Lund. 
In Mathews ’327, the batteries include a ?exible element 
having a synthetic rubber plug. The ?exible element is 
biased such that in its vent-closed position the plug seats 
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against a single oxygen access opening. Electrically pow- V 
ered actuator mezms are provided. to move the ?exible 
element and plug away from the opening to allow air into the 
battery. . 

Lund ’880 discloses a sliding switch which, upon move 

covers and uncovers a single oxygen access opening with an 
adhesive, ?exible closure strip. The switch is provided with 
spring ?nger contacts which urge the slide downwardly to 
facilitate adhesion of the closure strip over the opening. 

Both designs, however, are somewhat complicated and 
are not well suited to larger batteries which frequently have 
,many oxygen access openings with a total cross-section 
which may be fairly large. For example, in larger batteries 
having larger slide valves, biasing the slide against the 
surface in which access openings‘ are located would [require 
either a large‘number of springs or a relatively heavy, stiif 
slide. Since the‘force is, applied noncontinuously on the slide 
at discrete points, thinner, lightweight slides tend to ?ex 
away from the surface in areas distant from a spring, and 
?exing can diminish the overall effectiveness of ‘the seal. 
Heavy, complicated valves, on the other hand, run counter to 
the “recognized goal of producing simple, lightweight bat; 
teries. 

An object of this ‘invention, therefore,‘ is to provide 
metal-air. cells and batteries which are more suitable for use 
inpowering electronic devices which are used intermittently 
over the service life of the battery. 

It also is an object to provide prismatic metal air cells and 
batteries in which the gelled anode is less susceptible to 
oxygen attack and moisture loss resulting from unwanted air 
circulation. ‘ I j e r 

A related and more speci?c object of the invention is to 
providemetal~air cells and batteries having a valved casing 
which allows air circulation when the cells are in‘ use, but 
more effectively restricts the access of air to the cells during 
periods of non-use. ‘ ' . 

Another object is to provide such cells and batteries 
wherein theevalve is more readily susceptible, to use in 
relatively large cells having many ‘oxygen access openings. 

' A further object of the invention is to provide such cells 
and batteries which may be manufactured easily and eco 
nomically. ‘ ‘ ‘ ‘ 

Yet another object is to provide such cells ‘and batteries , 
~ wherein all of the above-mentioned advantages are realized. ‘ 

7 Those and other objects and advantages of the invention 
will be apparent to those skilled in the art upon reading the 
following detailed description and upon reference to the 
drawings. 

SUMMARY OF THE INVENTION 

Accordingly, the subject invention provides for a pris 
matic metal-air battery having at least one prismatic metal 
air cell received in a cell cavity of a prismatic casing. The 

~ casing comprises a wall portion which de?nes a surface. The 
wall portion has at least one opening in communication with 
the cell cavity whichis adapted to allow the passage of‘ air 
into the cell cavity. " ' 

The casing also includes a valve member having a surface 

‘rnent between the closed ‘and open positions, selectively ‘ 
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bearing on the wall portion surface. The valve member also . 
has at least one opening therein. The wall portion surface 
and the valve member surface are adapted to allow move 
ment of the valve member across the wall portion surface 
between a closed position, in which the valve member 
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opening does not overlap with the wall portion opening, ‘and 
an open position, in which the valve member opening and 

‘ wall portion opening at least partially overlap. ‘ 

‘ Importantly, the casing also includes means for providing 
an attractive force between the wall portion and the valve 
member. This attractive force tends to seal the valve member 
to the wall portion. Thus, the casings of the novel batteries 
more ‘effectively restrict the ?ow of ‘air to the cells when the 
valve is in its closed position. Because the casing, although 
valved, more effectively restricts the ?ow of air into the cells 
during. periods of ‘ non-use, the batteries of the subject 
invention are much more suitable for use in powering 
electronic devices which may be used intermittently'over the 
service life of the battery. 

, BRIEF DESCRIPTION OF THE DRAWINGS 

FIG; 1 is atop, right, and front perspective view of a ?rst 
preferred embodiment 10 of the metal-air batteries of the 
subject invention having portions torn away to illustrate 
details of the internal components of the battery 10; 

FIG. 2 is a somewhat enlarged, partial cross-sectional 
view taken generally along the plane de?ned by lines 2—2 
of the battery vI0 shown in FIG. 1, showing further details of r, 
the internal components of the battery; ‘ 

FIG. 3 is an enlarged cross-sectional view of area 3 of the ’ 
‘battery, 10 shown in FIG. 2,; 

' FIG. 4 is a ‘enlarged cross-sectional view taken generally 
along the plane de?ned by lines 4-4 of the battery 10 
shown in FIG. 1; ‘ 

FIG. 5 is an enlarged cross-sectional view of a portion of 
a composite sheet 33 utilized in the battery 10 shown in 
FIGS. 1-3;, . . , ‘ 

FIG. 6 is an enlarged, partial cross-sectional view, similar 
‘to the view of ,FIG. 3, of a second preferred embodiment 110 3 
of the metal-air cells'of the subjectv invention; and 
FIG. 7 is an enlarged, partial cross-sectional view, similar 

to the views of FIGS. '3 and 6, showing a third preferred, 
embodiment 2l0 of the metal-air cells of the subject inven-‘ 
IIOII. 

DETAILED DESCRIPTION OFTHE . I 

‘ INVENTION 1 “ 

FIGS. 1-4 illustrate a ?rst preferred embodiment 10 of they ' 
' subject invention. As seen‘ in FIG. 1, the battery 10 has a 
prismatic casing 11. Overall, the casing 11 has a generally 
solid-rectangular shape having bottom, side, and top walls. 
It should be understood, however, that the terms “top”, 
“bottom”, “side”, and like orientational terms , as used 
herein are relative terms and are employed for convenience 
in describing the various embodiments of this invention. In 
service, the novel batteries can be used in any orientation. 
The approximate dimensions of the battery 10 are 0.8"X 

7.6"><ll.l", and the battery 10 accommodates six zinc-air 
cells, each having approximate. dimensions of 3.6"><3.4">< 
0.5". Accordingly, each cell incorporates a relatively large‘ 
amount of active zinc, and the battery has a higher capacity 
(approximately 50 Wh) more suitable for electronic devices, 
such as portable computers, which have high energy require 
ments. Since the casing'is provided with improved valve 
means for controlling the ?ow of oxygen to the cells, as 
described below, the batteries also are better adapted for 
intermittent use of theelectronic device. 
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More speci?cally, the novel batteries include at least one 
metal-air cell. That is, the novel batteries may include a 
single cell or any number of cells as desired. The cells are 
received in a cell cavity of the casing which is adapted to 
house the desired number of cells in a secure manner. 

The casing 11, for example, includes a bottom part 20 and 
an intermediate cover 30, as seen best in FIGS. 2 and 3. The 
bottom part 20 includes a generally rectangular bottom wall 
21 and side walls 22 which extend upwards from and 
generally perpendicular to the perimeter of the bottom wall 
21. The top of the bottom part 28 is generally open. The 
intermediate cover 30 is a generally rectangular plate 31 
from the perimeter of which extend generally perpendicular, 
relatively short upstanding side walls 32. The plate 31 is 
covered with a composite sheet 33, the structure and func 
tion of which is discussed in further detail below. 
The relative size and con?guration of the bottom part 20 

and the intermediate cover 30 are coordinated such that the 
intermediate cover 30 telescopes into the open top of the 
bottom part 21 where its side walls 32 are sealed to the side 
walls 22 of the bottom part 21 along the upper ends thereof. 
The bottom part 20 and intermediate cover 30 thereby de?ne 
a cell cavity 24 which, in this preferred embodiment 10, 
accommodates six prismatic metal-air cells 12 (shown sche 
matically in phantom) arranged side by side in a 3 by 2 array. 
The cells 12 preferably are zinc-air cells constructed 

generally as described in the aforementioned Woodruff et al. 
"778 patent. Such cells are preferred for the many advan 
tagcs described more fully in the ’778 patent. In general, 
however, the casings of the novel batteries are adaptable for 
use with a wide variety of metal-air cells. 

The cells 12 are interconnected in series to provide a 
battery of approximately 7.2 volts by appropriate connectors 
(not shown). The casing, although having a generally solid 
rectangular shape, has what may be visualized as a relatively 
small projection 13 from the basic geometry of the casing 11 
as seen in FIG. 1. The projection 13 provides space for 
internal connections and a receptacle 14 which is adapted to 
receive the plug of a power cord connected to an electrical 
device. The precise manner in which the individual cells are 
interconnected and the manner in which the device is 
connected to the battery, however, are not part of the subject 
invention. The cells also may be connected parallel or in a 
combination of parallel and series as necessary to achieve 
desired output characteristics. Likewise, any suitable con 
nectors may be used to establish electrical interconnection 
between the cells and between the battery and device, and 
the design of the connectors will be coordinated with the 
design of the cell terminals, the design of the power termi 
nals in the device, and other well known factors as will be 
readily appreciated by workers in the art. 
The casing of the novel batteries also includes a wall 

portion which has at least one opening in communication 
with the cell cavity. The wall portion of the opening is 
adapted to allow passage of air into the cell cavity, so that 
the cells therein have a suf?cient supply of oxygen for 
discharge. The wall portion opening or openings should 
allow enough oxygen to reach the cell to satisfy the elec~ 
trochemical requirements of a cell, but it will be appreciated 
that excessively high circulation therethrough will increase 
evaporation of water from the cell. The wall portion, there 
fore, preferably has an array of relatively small openings 
distributed uniformly over the cells instead of a single or 
relatively few large openings. 

Accordingly, the intermediate cover 30 has a large num 
ber of relatively small openings 35 extending through the 
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6 
plate 31 and sheet 33. The plate 31 and sheet 33 form a 
composite structure which provides a wall portion having an 
upper surface, in this instance, the upper surface of sheet 33. 
The openings 35 are generally cylindrical with a diameter of 
approximately 0,093". They are arranged in six 8 by 8 
arrays, each array of openings 35 being more or less 
centered directly over a cell 12. The openings 35 provide 
su?iciently rapid and uniform transport of oxygen into the 
cavity 24 as is needed to power cells 12. The precise size, 
number, and arrangement of the openings which communi 
cate with the cell cavity, however, are susceptible to con 
siderable variation consistent with the needs of the cells 
utilized in the battery. 
The cell cavity of the novel batteries preferably is adapted 

to receive the cells such that movement of the cells and 
damage to the cells and cell connectors resulting therefrom 
is minimized. At the same time, however, the casing pref~ 
erably includes means for spacing the cells away from the 
interior surfaces of the cavity so that air can circulate around 
the cells as needed. Accordingly, the bottom part 20 and 
intermediate cover 30 include, respectively, a plurality of 
bosses 26 and 36. Cells 2, as described more fully in the ’778 
patent, have vent openings in the bottom thereof to allow gas 
within an anode expansion space to escape as the cell’s 
anode expands during discharge. The cells also have oxygen 
access openings in the top to allow oxygen to reach the air 
cathode. Accordingly, bosses 26 elevate the cells slightly off 
the bottom wall 21 of the bottom part 20 so that venting of 
gas from the cell will not be impaired. Likewise, bosses 36 
space the cells 12 slightly away from the underside of plate 
31 of the intermediate cover 30 so that air may circulate 
freely over the oxygen access openings of the cells 12. 
Bosses or ribs also may be provided on the cell instead of the 
casing. Foam inserts may be provided for spacing and shock 
absorption as well, and in general, a wide variety of spacing 
means are known and can be used as desired or needed. 

The casings of the novel battery also include a valve 
.member which controls the ?ow of air through the casing 
wall portion openings. Accordingly, the valve member is 
mounted on the casing for movement between open and 
closed positions. In the closed position, the valve member 
covers the wall portion openings, and in the open position 
the wall portion openings are uncovered. Preferably, the 
valve member has a surface which bears on a surface on the 
wall portion and has at least one opening therein. The wall 
portion surface and the valve member surface are adapted to 
allow movement of the valve member across the wall 
portion surface between a closed position, in which the valve 
member opening does not overlap with the wall portion 
opening, and an open position, in which the valve member 
opening and wall portion opening at least partially overlap. 
lt will be appreciated, of course, that the valve member 
opening and wall portion opening are coordinated to allow 
the selective opening and closing thereof as described, and 
thus, that the valve member preferably has an array of 
relatively small openings similar to the preferred array of 
openings in the wall opening. 

Accordingly, the casing of the battery 10 includes a slide 
valve 40 and a ?nal cover 50. The ?nal cover 50 has a 
generally rectangular top wall 50 from the perimeter of 
which depend generally perpendicular, relatively short side 
walls 52. The ?nal cover S0 is sized and con?gured such that 
it telescopes over the open top of the bottom part 20 such 
that it is spaced from the intermediate cover 30. Thus, the 
?nal cover and the ?nal cover 50 provide the outer, protec 
tive bottom, side, and top walls of the casing, and interme 
diate cover 30 de?ne an upper cavity 34 located over the cell 
cavity 



7 
T he‘?nal cover has at least one opening which commu- \ 

nicates with the upper cavity to allow passage of air into the 
upper cavity and ultimately through the intermediate cover 
to'the cells. Preferably, the ?nal cover has an array of 
relatively‘ small openings distributed uniformly over the 
cells, the precise size, number, and arrangement of which are 
coordinated in the same manner and for the same reasons as 
are the openings in the casing wall portion. 

For example, like the intermediate cover 30, top wall 50 
of the ?nal cover 50 has a large number of generally 
cylindrical, relatively small openings 55. The ?nal cover‘v 
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openings 55 correspond in size .and arrangement to the ‘ 
intermediate cover openings 35. 'Thus, air may circulate 
freely from the ambient through the ?nal cover openings 
into the upper cavity , i 

The slide valve 40 is disposed in the upper cavity and is 
free to slide back and forth across the intermediate cover 30, 
or, more precisely, across the, sheet 33 adhered to the plate 
31 of the intermediate cover 30. The slide valve 40 has'a 
large number of relatively small openings which also cor-. 
respond in size and arrangement to the openings 35 in the 
intermediate cover 30. Accordingly, when the slide valve 40 
is in its extreme left “open” position (as shown in 
FIGS.1—3), the openings 45 in the valve ‘member 40 are 
aligned with the openings 35 in the intermediate cover plate 
30 and airimay circulate freely from the upper cavity 34, 
through the openings 35, and into the cell cavity 24. On the 
other hand, when the slide valve 40 is translated slightly to 
its extreme right “closed” position, the openings 35 and 45 
are completely out of alignment and the valve member 40 
covers the openings 35 ‘such that air may not circulate into 
the cell cavity ' 

It will be appreciated that the slide valve 40 is sized such 
that its lateral movement across the intermediate cover 30 is 
con?ned to movement along the path between its open and 
closed positions. That is, the width of the slide valve 40 is 
just slightly less than the distance between the longer, 
opposing side walls 32 of the intermediate cover 30 so that 
the slide valve 40 is precluded from any signi?cant lateral 
shifting therebetween. The length of the slide valve 40, of 
course, is su?iciently shorter than the distance between the 
shorter opposing side walls to allow the slide valve 40 to 
move between its open and closed positions as described 
above. Stops, grooves, channels, guides, and the like may be 
provided in lieu thereof, however, and in general, any 
suitable means for restricting the movement of the slide ‘ 
valve 40 to the desired path may be used. 

The slide vane 40‘ has knobs 41, which allow user to 
manipulate the slide valve 40.‘ The knobs 41 are secured by 
screws 42 to threaded post 43 which extend through oval 
shaped passageways 53 in the ?nal cover 50 and are soldered . 
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to the slide valve 40. It willbe appreciated, however, that the I 
knobs may be a?ixed by any suitable means, and in general, 
any means for manipulating or actuating the slide valve 40 
may be used. Many such designs are known to workers in 
the art. . . ' . 

The passageways 53 are sized such that when the posts 43 
of the knobs 41 abut the ends of the passageways 53, the 
slide valve 40 is aligned in its closed ‘and open positions. The 
length of the slide valve 40 also may be coordinated such 
that abutment of the ends thereof against the intermediate 
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cover side walls 32 provides the proper alignment of the ‘ 
valve 40 in its closed and open positions. Any suitable 
means for appropriately limiting the extent of movement of 
the slide valve 40 along its predetermined path may be used, 
however, so long as there is su?‘icientoverlap of the inter 

8 
mediate cover openings 55 and the slide valve openings 45 
in the open position and no overlap in the closed position. 

In accordance with a principal aspect of the batteries of 
the subject invention, the battery casings also include means 
for providing an attractive force between the wall portion of 
the casing through which the air circulation openings extend 
and the valve member. This attractive force tends to seal the 
valve member to the wall portion and more effectively shut 
off the ?ow of air through the openings. For example, the 
intermediate cover 30 and slide valve '40 of the casing 
include‘ magnetic materials which provide an. attractive 
magnetic force between the intermediate cover 30 and the 
slide valve 40. More speci?cally, the composite sheet 33 
which covers plate of the intermediate cover 30, as shown in ‘ 
FIG. 4, is composed of threelayers. The principal layer is a 
sheet 33b of a permanently magnetized, ferromagnetic/ 
elastomer blend material, sandwiched between a top layer 
polymeric ?lm 330, such ‘as a Mylar or polypropylene ?lm, 
and a bottom layer 330 of adhesive. The slide valve 40 is 
fabricated from a ferromagnetic metallic sheet. Thus, an 
attractive magnetic force is created between the intermediate 
cover 30 and the slide valve 40 which tends to seal the slide 
valve 40 against the intermediated cover 

It will be appreciated,’therefore, that the casings of the 
novel batteries more effectively restrict the ?ow of air to the 
cells when the valve is in its closed position. For example, 
since the intermediate cover 30 and slide valve 40 are 
mutually attracted, the slide valve 40 continually bears on 
the intermediate cover 30, even when the battery is upside 
down. Thus, there is less likelihood that the slide valve 40 
will fall away from the intermediate cover 30 and allow air 
to bypass the slide valve 40. Moreover, since the sheet 33 is 
composed in large part of elastomeric material, and the sheet 
33 and slide valve 40 are subject to attractive forces, the 
sheet 33 and valve 40 tend to conform to each other. Even 
if the intermediate cover 30 and valve 40 are slightly warped 
or if there are imperfections in their surfaces, therefore, 
paths for air ?ow between the intermediate cover 30 and 
valve 40 are minimized. The magnetic ‘sheet 33 also creates 
an attractive force which is continuous over thenentire area 
in which the intermediate cover openings 35 are located. 
Thus, localized forces, which may help seal openings near 
the point on which the force bears, but which also may cause 
?exing of the valve and leakage aroundmore remote open- ‘ 
ings, are avoided. ‘ 

Moreover, it will be appreciated that the batteries of the 
subject invention are able to achieve signi?cant improve 
ment in performance with a design which is simple and 
economically manufactured. Since the intermediate cover I 
and slide valve are mutually attracted, there is no need for 
springs. to bias the valve against the intermediate cover. 
Likewise, it is not necessary to minimize part tolerances to 
the degree necessary in other designswhere guides ‘are used 
to hold the valve closely‘ against a surface, but which also 

‘ must allow the valve to move freely. 

As noted, the. magnetic sheet 33 includes a top layer of a 
polymeric ?lm 33a such as a Mylar or polypropylene ?lm. 
While not essential, the use of such ?lms or their equivalent 
is preferred as they facilitate the movement of the valve 40 
by reducingfrictional resistance between the valve 40 and - 
intermediate cover 30. Mylar ?lms have ‘lower coe?‘icients 
of, friction, but polypropylene ?lms are more preferred 
because they are su?iciently slick and, in the event of 
unintended leakage from the ‘cells, are more resistant to 
electrolyte and other byproductsof the cell’s electrochem 
istry. Other suitable ?lms ‘may be used, however, and a 
polymer ?lm also may be applied to the valve in addition to 
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or in lieu of applying a ?lm to the intermediate cover. 
Moreover, other means of reducing the frictional resistance 
between the slide and intermediate cover may be used, such 
as silicone oil. Preferably, however, the valve should not 
move so freely that it slides back and forth during service, 
thereby inadvertently closing off the supply of oxygen when 
the cell is intended to be discharged. For that reason, 
therefore, detent members may be formed in the passage 
ways 53 in the ?nal cover or equivalent means may be 
provided to releasably hold the valve 40 in its open and 
closed positions. 
The various structural components of the casing, as exem 

pli?ed by the bottom part 20, intermediate cover 30, and 
?nal cover 50 may be fabricated from any material which is 
sulliciently rigid and durable to mount the cells securely and 
to protect them against damage during service. Preferably, 
the casing material is resistant to electrolyte and the elec 
trochemical byproducts of the cell in the event that leakage 
from the cell occurs. A large number of suitable materials are 
known for battery housings, and in general, they may be 
used in the batteries of the subject invention. 

If the battery is large, however, weight considerations 
make the use of structural plastics highly preferable. Such 
plastics include polyethylene, polypropylene, and nylon. 
Acrylonitrile-butadiene-styrene plastics are especially pre 
ferred for their attractive mechanical and thermal processing 
characteristics, as well as being cost effective. 

Suitable plastic components may be fabricated by injec 
tion molding or other conventional methods. The casing 
parts may be sealed by adhesives, such as hot-melt or epoxy 
adhesives, by ultrasonic welding or other welding tech 
niques, or by any other conventional method. Preferably, the 
container parts are provided with various stops, beads, and 
the like to facilitate ?nal assembly and joining of the 
container parts. 
As noted previously, the slide valve preferably is com 

posed of a thin metal sheet, most preferably of metal 
sheeting which is chemically resistant to the cell electrolyte 
such as stainless steel. The slide valve can be fabricated 
easily by punching or other conventional metal working 
techniques. The magnetic sheet typically is composed pri 
marily of ferromagnetic compounds, such as barium/stron 
tium ferrite, which is blended with various elastomers, such 
as polyvinyl acetate, chlorosulfonated polyethylene, poly 
isobutylene, chlorinated polyethylene, polyacrylic rubber, 
polyethylene, ethylene propylene terpolymer, nylon copoly 
mer, nitrile rubber, and mixtures thereof. Such magnetic 
sheet materials are available commercially, and also avail 
able with a “peel-and-stic ” self adhesive layer and a Mylar 
?lm from a number of sources, such as Magnetic Specialty, 
Inc., Marietta, Ohio. Such materials have been found to be 
cost e?‘ective and to provide excellent sealing of the air 
circulation openings. It will be appreciated, however, that 
the slide valve can be fabricated from magnetized metal or 
fabricated of structural plastic and magnetized sheets as is 
the intermediate cover. Similarly, the intermediate cover 
may be fabricated from metal, and in general, any comple 
mentary magnetic materials which have sufficiently strong 
mechanical properties and otherwise are chemically com 
patible with the electrochemistry of the cells may be used to 
fabricate the valve and its abutting casing wall. 
The use of magnetic materials to provide an attractive 

magnetic force between the wall portion and valve member, 
as exempli?ed in the casing 11 of battery 10, has been found 
to provide excellent sealing of the cells when the battery is 
not in use. It will be appreciated, however, that other means 
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10 
of providing an attractive force between the valve member 
and the casing wall portion may be used in accordance with 
the subject invention. The novel batteries may include a ?lm 
of liquid which is disposed between the wall portion surface 
and the valve member and serves to provide an attractive 
capillary force therebetween. The casings of the novel 
batteries also may have a wall portion and valve member 
which include insulator materials having opposite static 
charges which provide an attractive electrostatic force 
between the wall portion and valve member. 

For example, FIG. 5 illustrates a second preferred 
embodiment 110 of the subject invention. The battery 110 is 
constructed substantially as is battery 10 described above 
(like numerals referring to like elements). The battery 110 
however, is not provided with a magnetic sheet 33. Instead, 
a thin ?lm of liquid 137, such as silicone oil, is interposed 
between the plate 31 of the intermediate cover 30 and the 
slide valve 40. The ?lm 137 creates an attractive capillary 
force between the intermediate cover 30 and the valve 
member 40 analogous to the attractive force provided by the 
magnetic materials in casing 11 of battery 10. 

Silicone oil is believed to provide satisfactory perfor 
mance as described above, but it is expected that other 
liquids which have a sufficiently low vapor pressure to 
ensure that they do not evaporate over the service life of the 
battery and which are chemically compatible with the bat 
tery may be used. It also will be appreciated that despite the 
presence of a liquid ?lm interposed between the valve plate 
31 and the slide valve 40, either for purposes of establishing 
an attractive capillary force or as a lubricant, the slide valve 
40 is still considered to “bear” on the intermediate cover 30 
as that term is used herein. 

FIG. 6 illustrates a third preferred embodiment 210 of the 
subject invention. The battery 210 is constructed substan 
tially as are batteries 10 and 110 described above, except that 
magnetic materials and capillary liquids are not utilized. 
Instead, intermediate cover 30 and side valve 40 are both 
composed of insulator materials, such as the structural 
plastics discussed above. The intermediate cover 30 and 
slide valve 40 have opposite static charges, thereby provid 
ing an attractive electrostatic force therebetween. Charges 
su?icient to provide the necessary degree of attractive force 
may be applied to the intermediate cover 30 and slide valve 
40 by any suitable means, for example, an electrostatic 
charger. 

Thus, those skilled in the art will appreciate that the 
batteries of the subject invention are much more suitable for 
use in powering electronic devices which have higher 
energy requirements and which may be used intermittently 
over the service life of the battery. In large part because the 
valve and the casing wall against which it bears are mutually 
attracted, the casings of the novel batteries more effectively 
restrict the ?ow of air into the cells during periods of 
non-use. Because the cells are exposed to much less air 
circulation when the battery is turned off, cells which 
otherwise are more susceptible to the ill effects of unwanted 
air circulation, such as cells with gelled anodes and rela 
tively large cells, may be used. Such larger and more 
efficient cells, in turn, allow the battery to provide a practical 
alternative power source for electronic devices with large 
power requirements, even if the device will be used inter 
mittently. 

This invention has been disclosed and discussed primarily 
in terms of speci?c embodiments thereof, but it is not 
intended to be limited thereto. For example, though 
described primarily in the context of zinc-air cells, the cells 
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of the subject invention may be based on’ other metal~air 
electrochemistry and may incorporateother metal-anodes 
such as aluminum or magnesiumtvMoreover, though the 
design is particularly advantageous when the novel batteries 

' utilize large prismatic cells, the cells may be relatively small“. 
and have a cylindrical or button con?guration. The valve 
member most advantageously ‘is a horizontally sliding mem 
ber, but the valve member may be carnmed or otherwise 
translated in a vertical division such that it covers and 
uncovers the wall Portion openings.‘ Other modi?cations and 
embodiments will be apparent to workers in the art. 
We claim as our invention: 
1. A prismatic metal-air battery having at least one pris 

matic metal-air cell received in a cell ‘cavity of a prismatic 
casing, wherein the casing comprises: 

a wall portion having at least one opening in communi 
cation with the cell cavity and a surface proirimate to 
said wall portion opening; ~ ' 

' a valve member having at least one opening therein and 
a surface proximate of said valve member opening 
which bears on said wall portion surface, said valve . 
being moveable between a closed position in which the 
valve member opening does not overlap with the wall 
portion opening, in which said closed position air is‘ 
blocked from entering said cell cavity through ‘said wall 
portion opening by said valve member, and an open 
position in which the valve member opening and wall 
portion opening at least‘ partially overlap, in which said 
open position air may enter said cell cavity through said 
wall portion opening and said valve member opening; 
and 

means for providing an attractive force between the wall 
portion‘and the valve member. ~ ‘ 

2. The metal-air battery of claim 1, wherein said means 
for providing an attractive force include structure associated 
with at least one of the wall portion and the valve member . 
sealing the wall portion and valve member together. 

3. The metal-air battery of claim 2, wherein the wall 
portion and valve member include magnetic materials 
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thereby providing an attractive magnetic force between the ‘ 
wall portion and valve member. 

40 
4. The metal-air battery of claim 3, wherein the wall . 

portion and the valve member are at least partially composed 
of ferromagnetic material. . 

5.. The metal-air battery of claim 3, wherein the wall 
portion is a composite structure including a permanently 
magnetized, ferromagnetic elastomeric sheet and the valve 
member includes a metallic sheet. 

6. The metal-air battery of claim 2, wherein the wall 
portion and valve member include insulator materials having 
opposite static charges thereby providing an attractive elec 
trostatic force between the wall portion and valve member. 

7. The metal~air battery of claim 1, wherein a ?lm of 
liquid is disposed between the wall portion surface and valve 
member surface thereby providing an attractive capillary 
force between‘the wall. portion and valve member. 

8. The metal-air battery of claim 1, wherein the attractive ‘ 
force is continuous over the abutting surfaces of the wall 
portion and valve member. ' 

9., The metal-air battery of claim 1, wherein the wall 
portion and valve member each have an array of relatively 
small openings distributed uniformly over the cells. 

10. A prismatic metal-air battery comprising a prismatic 
casing, the casing comprising; 

a bottom parthaving an open top, a bottom wall, and side 
walls; 

an intermediate cover sealed to the top of the bottom part 
and having at least one opening therein, the bottom part 
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and intermediate cover cooperating to de?ne a cavity 
receiving at least, one prismatic metal-air cell, the 
intermediate eover'opening being in communication 
with the cell cavity; ‘ 

a ?nalcover sealed to the top of the bottom part over and 
spaced from“ the intermediate cover, the intermediate 
cover and ?nal cover cooperating to, de?ne an upper 
cavity, the ?nal cover having at least one‘ opening 
communicating with the upper cavity; and 

a valve member slideably disposed in the upper cavity and 
bearing on the intermediate cover, the valve member 
having at least one opening therein and being slidable 
across the intermediate cover between a closed position 
in which ‘the valve member opening does not overlap 
the intermediate cover opening and an open position in , 
which the valve member opening and intermediate 
cover opening at‘ least partially. overlap; \ 

wherein the valve member and intermediate cover include ‘ 
magnetic materials providing. an attractive magnetic 
force between the intermediate cover and valve mem 
ber. ‘ 

11. The metal-air battery'of claim 10, wherein the inter 
mediate cover and the valve member are at least partially 
composed of ferromagnetic materials. 

12. The metal-air battery of claim 10, wherein the inter— 
mediate cover includes a permanently magnetized, ferro 
magnetic elastomeric sheet and the valve member includes 
a metallic sheet. 

13. The metal-air battery of claim 10, wherein at least one 
of the intermediate cover and valve member has» a polymeric 
?lm adhered thereto which reduces the translational resis 
tance between the intermediate cover and valve member. 

14. The metal-air battery of claim 13, wherein the poly 
meric ?lm is a .mylar ?lm. . 

15. The metal-air battery of claim 10, wherein the valve 
member is a sheet. 

16. The metal-air battery of claim 10, wherein the inter 
mediate cover, ?nal cover, and valve member each have an 
array'of relatively small openings distributed uniformly over 
the cells. ' . 

17. A prismatic metal-air battery having at least one 
prismatic metal-air cell received in a cell cavity of a pris 
matic casing, whereinthe casing comprises: 

a wall ‘ portion having at least one opening in communi-; 
cation with the cell cavity; and 

a valve member mounted on the casing for movement 
between a closed position in which the valve member 
covers the wall portion opening andan open position in 
which the valve‘ ‘member does not ‘cover the wall 
portion opening; 

I wherein the wall portion and valve member include 
magnetic materials thereby providing an attractive 
magnetic force between the wall portion and valve 
member.‘ 

18. The metal-air battery of claim‘ 17, wherein the valve 
member includes a surface bearing on a surface on the wall‘ 
portion and having at least one opening therein, which valve 
member opening, when the valve member is in the closed 
position, does not overlap with the wall portion opening and, 
when the valve member is in the open position, at least 
partially overlaps the wall portion opening. 

19. The metal-air battery of claim 17, wherein the wall 
portion de?nes a ?at surface and the valve member is a sheet 
abuttingithe wall portion and having at least one opening 
therein, which valve member opening, when the valve 
member is in the closed position, does not overlap with the 
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wall portion opening and, when the valve member is in the 
open position, at least partially overlaps the wall portion 
opening, the valve member being slidable across the wall 
portion surface between the closed and open positions. 

20. In a metal~air battery having at least one metal-air cell 
received. in a cell cavity of a casing, the casing including at 
least one opening in communication with the cell cavity and 
a valve member which is moveable between an open posi— 
tion in which said valve member allows air to pass through 
said casing opening and a closed position in which said 
valve member blocks air from passing through said casing 
opening, the improvement comprising means for providing 
an attractive force between the casing and the valve member. 

21. A prismatic metal-air battery comprising a prismatic 
casing, the casing comprising: 

a bottom part having an open top, a bottom wall, and side 
walls; 

an intermediate cover sealed to the top of the bottom part 
and having at least one opening therein, the bottom part 
and intermediate cover cooperating to de?ne a cavity 
receiving at least one prismatic metal-air cell, the 
intermediate cover opening being in communication 
with the cell cavity; 

a ?nal cover sealed to the top of the bottom part over and 
spaced from the intermediate cover, the intermediate 
cover and ?nal cover cooperating to de?ne an upper 
cavity, the ?nal cover having at least one opening 
communicating with the upper cavity; and 

a valve member slidably disposed in the upper cavity and 
bearing on at least one of the intermediate cover or ?nal 
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cover, the valve member having at least one opening 
therein and being slidable across the cover between a 
closed position in which the valve member opening 
does not overlap the cover opening and an open posi 
tion in which the valve member opening and cover 
opening at least partially overlap; 

wherein a ?lm of liquid is disposed between the cover and 
the valve member thereby providing an attractive cap 
illary force between the cover and the valve member. 

22. The metal-air battery of claim 21, wherein the valve 
member bears on the intermediate cover and the ?lm of 
liquid is disposed between the intermediate cover and the 
valve member. 

23. The metal-air battery of claim 21, wherein the valve 
member is a sheet abutting a flat surface on at least one of 
the intermediate cover or ?nal cover. 

24. The metal-air batter of claim 23, wherein the valve 
member is a sheet abutting a ?at surface on the intermediate 
cover. 

25. A valve for controlling air ?ow through a port in a 
casing in a prismatic metal-air battery, the valve comprising: 

a valve member mounted on the casing for movement 
between an open position in which the valve member 
allows air to pass through the port; and 

means for providing an attractive force between at least a 
portion of the casing proximate to the port and the valve 
member. 


